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Purpose 

The accurate and timely diagnosis of malignant pleural effusion (MPE) in lung cancer 
patients is important because IVIPE has a poor prognosis and is classified as stage IV 
disease. IVIolecular biomarkers for pleural effusion, such as circulating extracellular 
microRNAs (miRNAs) isolated from pleural fluid, may help in the diagnosis of MPE. 
The present study examined whether miRNAs that are deregulated in lung cancer 
(miR-134, miR-185, and miR-22) can serve as diagnostic markers for lungadenocar- 
cinoma-associated MPE (LA-MPE). 

Materials and Methods 

Real-time reverse transcription quantitative polymerase chain reaction was used to 
measure the expression of the three miRNAs in samples from 87 patients with pleural 
effusion comprising 45 LA-MPEs and 42 benign pleural effusions (BPEs). The area 
under the receiver operating characteristic curve (AUG) was then used to evaluate the 
diagnostic performance of each of the three miRNAs and compare it with that of the 
common tumor marker, carcinoembryonic antigen (CEA). 

Results 

The expression of all three miRNAs was significantly lower in LA-MPE than in BPE 
(p <0.001). The AUCs for miR-134, miR-185, miR-22, and CEA were 0.721, 0.882, 
0.832, and 0.898, respectively. Combining CEA with the three miRNAs increased the 
diagnostic performance, yielding an AUC of 0.942 (95% confidence interval, 0.864 
to 0.982), with a sensitivity of 91.9% and a specificity of 92.5%. 

Conclusion 

The present study suggests that the expression levels of circulating extracellular miR- 
134, miR-185, and miR-22 in patients with pleural effusion may have diagnostic value 
when differentiating between LA-MPE and BPE. 
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Introduction 



Approximately 15% of lung cancer patients present with a 
pleural effusion at the time of initial diagnosis, and 50% 
develop a pleural effusion later in their disease course [1,2]. 
Pleural effusions can occur in patients with lung carcinomas 
of all histological types; however, they are more common in 
those with adenocarcinoma (40% of all pleural effusion cases) 
[2]. Metastatic malignant pleural effusion (MPE) due to lung 



cancer has a poor prognosis; MPE has been reclassified as 
Mia disease because its outcome is equivalent to that of 
distant metastasis [3]. Therefore, a diagnosis of MPE is 
important for lung cancer patients. Lung cancer patients 
suspected of having a pleural effusion imdergo a chest X-ray 
and contrast-enhanced computed tomography to confirm the 
presence of fluid in the pleural cavity and to evaluate the 
pleura for nodularity or thickening, which may suggest 
metastasis [4]. Image-guided aspiration of the pleural fluid 
is often performed; however, the diagnosis of MPE by pleu- 
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ral fluid cytology has a sensitivity of only 60% with repeated 
large- volume ( > 50 mL) thoracentesis [5] . Therefore, it would 
be useful to identify biomarkers in the pleural fluid that can 
be used to improve diagnostic sensitivity. A systemic review 
found that carcinoembryonic antigen (CEA) showed good 
specificity (94%) but poor sensitivity (54%) for the diagnosis 
of MPE [6]. In addition, several studies examined different 
combinations of biomarkers in an attempt to improve diag- 
nostic accuracy. Thus, there is a need to identify alternative 
noninvasive diagnostic biomarkers to improve the diagnosis 
of pleural effusions. 

MicroRNAs (miRNAs) are a family of endogenous small 
(approximately 22 nucleotides in length) non-coding and 
fxmctional RNAs that regulate the expression of many genes 
[7]. Aberrant expression of miRNAs occurs in many types of 
cancer, and several miRNAs function as tumor suppressor 
genes or oncogenes [8]. Recently, circulating extracellular 
miRNAs (in serum, plasma, pleural fluid, ascites, and other 
body fluids) were identified as noninvasive biomarkers for 
the diagnosis, prognosis, and prediction of responses to 
cancer treatment [9,10]. The present study examined the 
expression levels of three circulating miRNAs (miR-134, 
miR-185, and miR-22) in pleural effusion fluid; these 
miRNAs are deregulated in lung cancer. miR-134 regulates 
cell proliferation, apoptosis, and migration, and inhibits 
epithelial to mesenchymal transition (EMT) in non-small cell 
lung cancer (NSCLC) [11,12]; miR-185 suppresses the prolif- 
eration in lung adenocarcinoma cell lines and induces cell 
cycle arrest at the Gl phase [13]; miR-22 inhibits the growth 
and invasion of lung cancer by downregulating the expres- 
sion of ErbB3 [14]. Given the diagnostic and prognostic 
potential of miR-134, miR-185, and miR-22 in lung cancer, 
we investigated the diagnostic significance of these miRNAs 
in patients with benign pleural effusion (BPE) and lung 
adenocarcinoma-associated MPE (LA-MPE) and compared 
it with that of the most commonly used tumor marker, CEA. 



Materials and Methods 

1. Patients and pleural fluid collection 

We analyzed pleural fluid samples from 87 patients with 
pleural effusion who visited Chungbuk National University 
Hospital and Kangwon National University Hospital 
between February 2009 and April 2012. Pleural effusion was 
diagnosed as benign based on the clinical context and the 
absence of malignant cells in at least two separate samples 
from the same patient. BPE samples were obtained from 
patients showing no clinical or radiological evidence of 



malignancy prior to the study. LA-MPE was confirmed by 
pathological diagnosis based on the presence of adenocarci- 
noma cells. LA-MPE samples were obtained from patients 
showing no evidence of another malignant tumor and either 
1) positive immunocytochemical staining for thyroid 
transcription factor-1 in MPE cell blocks, or 2) tumors that 
were histologically and /or clinically diagnosed as primary 
adenocarcinomas of the lung. 

All effusion samples were collected before the start of 
cancer-directed therapy and were transported to the labora- 
tory within 30 minutes of collection. The samples were then 
centrifuged at 11,300 xg for 5 minutes. The supernatant and 
sediment from each sample were aliquoted into separate 
Eppendorf tubes and stored at -80°C until use. All patients 
provided written informed consent to participate in the 
study, which was reviewed and approved by the Institu- 
tional Review Board of Chungbuk National University Hos- 
pital. 

2. RNA extraction and real-time reverse transcription quan- 
titative polymerase chain reaction 

RNA was extracted from each sample (500 |iL of sample) 
using a xirine miRNA purification kit (Genolution Pharma- 
ceuticals Inc., Seoul, Korea) according to the manufacturer's 
instructions. The amount of RNA extracted from each sample 
was measured using a NanoDrop ND-1000 spectrophotome- 
ter (Thermo Scientific, Wilmington, DE). 

The expression levels of miR-134, miR-185, and miR-22 in 
42 BPE samples and 45 LA-MPE samples were measured by 
reverse transcription quantitative polymerase chain reaction 
(RT-qPCR). Isolated miRNA (100 ng) was reverse transcribed 
using a High-Capacity cDNA Reverse Transcription kit 
(Applied Biosystems, Foster City, CA) according to the 
manufacturer's protocol and using a specific miRNA primer 
that was provided with the TaqMan MicroRNA Assay kit 
(Applied Biosystems). Quantification of miRNA was 
performed by real-time RT-qPCR using an Applied Biosys- 
tems 7500 Fast Real-Time PCR System along with the 
TaqMan MicroRNA Assay, TaqMan Universal PCR Master 
Mix, and No AmpErase UNG (Applied Biosystems). All 
reactions were run in triplicate and Cq data were determined 
using default threshold settings. Relative miRNA expression 
levels were calculated using the 2 '^^'^' method. The selection 
of suitable genes for the relative quantification of miRNA 
expression is essential to avoid inaccurate results and to 
improve the comparability of gene expression data. We 
previously examined the expression of the selected miRNAs, 
two small nuclear RNAs (RNU6B and U6 snRNA), and two 
small nucleolar RNAs (RNU44 and RNU48) to identify the 
most stably expressed genes for use as reference genes in 
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pleural effusion samples [15]. U6 snRNA was identified as 
the most stable reference gene in the BPE and LA-MPE 
samples; thus, the expression levels of the three miRNAs 
were normalized to those of U6 snRNA. 

3. Immunoassay for CEA 

After performing the miRNA analyses, additional 
immimoassays were conducted to measure the levels of CEA 
expression in patients with pleural effusion. CEA levels were 
measured in an electrochemiluminescence immunoassay 
using a Cobas 8000 e602 analyzer (Roche Diagnostics, Indi- 
anapolis, IN) according to the manufacturer's instructions. 

4. Statistical analysis 

Differences in miR-134, miR-185, miR-22, and CEA expres- 
sion between LA-MPE and BPE samples were assessed using 
the Mann- Whitney U test. A receiver operating characteristic 
(ROC) curve was plotted and the area under the curve (AUC) 
was calculated to evaluate the diagnostic performance of the 
three miRNAs and CEA. The best sensitivity /specificity pair 
was selected (with a specificity of least 0.6). Risk scores were 
assigned to all patients according to a linear combination of 
the expression level of the miRNAs and CEA, weighted 
according to the regression coefficient. Cox stepwise regres- 
sion and stratification analyses were also conducted. 
All statistical analyses were performed using SPSS ver. 15.0 
(SPSS Inc., Chicago, IL). The MedCalc ver. 10.4.7.0 (MedCalc, 
Mariakerke, Belgium) software was used to perform the ROC 
analysis. All p-values were two-sided and p<0.05 was 
considered statistically significant. 



Results 

1. Patient characteristics 

Eighty-seven pleural effusion samples (42 BPE and 45 
LA-MPE) were analyzed by RT-qPCR. Table 1 shows the 
baseline characteristics of the patients in the BPE and 
LA-MPE groups. The median age of the BPE patients was 61 
years (range, 22 to 92 years) and that of the LA-MPE patients 
was 68 years (range, 33 to 92 years). The majority of BPE 
patients were diagnosed with tuberculous pleurisy or para- 
pneumonic effusion. Twenty-seven patients with LA-MPE 
had stage Mlb disease at presentation. 



Table 1. Characteristics of the study populations 





No. of patients (n=87) 




BPE 


LA-MPE 


No. of cases 


42 


45 


Median age (range, yr) 


61 (22-92) 


68 (33-92) 


Gender 






Male 


29 


23 


Female 


13 


22 


Diagnosis of BPE 






Tuberculosis 


20 




Pneumonia 


17 




Transudate 


5 




Metastatic sites of LA 






Mia'' 




18 


Mlb"' 




27 



BPE, benign pleural effusion; LA-MPE, lung adenocarci- 
noma-associated malignant pleural effusion; LA, lung 
adenocarcinoma. "'Mia, separate tumor nodule(s) in a 
contralateral lobe, a tumor with pleural nodules, or malig- 
nant pleural (or pericardial) effusion, '''Mlb, distant metas- 
tasis. 



2. Expression levels of miR-134, miR-185, miR-22, and CEA 
in BPE and LA-MPE 

The expression levels of miR-134, miR-185, and miR-22 in 
LA-MPE samples were significantly lower than in BPE 
samples (all p< 0.001, Mann- Whitney U test) (Fig. lA-C). 
The median expression levels of miR-134, miR-185, and 
miR-22 were 19.758 (range, 0.069 to 243.601), 1.229 (range, 
0.015 to 47.948), and 1.074 (range, 0.001 to 95.377), respec- 
tively, in BPE samples and 4.209 (range, 0.005 to 143.520), 
0.008 (range, 0.000 to 2.852), and 0.008 (range, 0.000 to 8.562), 
respectively, in LA-MPE samples. 

Of the 87 effusion samples, 77 were available for CEA 
testing. The median CEA expression level was significantly 
higher in the LA-MPE samples than in the BPE samples 
(127ng/mL; range, 0.2 to 6,574 ng/ mL vs. 1.0 ng/ mL; range, 
0.2 to 33.3 ng/mL) (p<0.001) (Fig. ID). 

3. Diagnostic performance of miR-134, miR-185, miR-22, 
and CEA for LA-MPE 

The diagnostic performance of miR-134, miR-185, miR-22, 
and CEA (and a combination of these markers) in differenti- 
ating BPE from LA-MPE was evaluated by ROC curve analy- 
sis (Table 2). Cut-off points were determined such that they 
maximized the sum of sensitivity and specificity. The cut-off 
points for miR-134, miR-185, miR-22, and CEA were 16.99, 
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Fig. 1. Comparison of miR-134 (A), miR-185 (B), miR-22 (C), and carcinoembryonic antigen (CEA) (D) expression levels in 
benign pleural effusion (BPE) and lung adenocarcinoma-associated malignant pleural effusion (LA-MPE) samples. Statistical 
significance was determined by the Mann- Whitney U test. 



Table 2. Sensitivity, specificity, and areas under the curves for miR-134, miR-185, miR-22, CEA, and combinations of these 
markers, in limg adenocarcinoma-associated malignant pleural effusion samples 



Tumor marker 


Cut-off 


Sensitivity (%) 


Specificity (%) 


AUC (95% CI) 


miR-134 


16.99 


80.0 


57.1 


0.721 (0.614-0.812) 


miR-185 


0.092 


77.8 


90.5 


0.882 (0.795-0.941) 


miR-22 


0.051 


68.9 


85.7 


0.832 (0.736-0.903) 


CEA 


7.6 


78.4 


97.5 


0.898 (0.808-0.955) 


miR-134, miR-185, and miR-22 


0.490 


73.3 


97.6 


0.893 (0.808-0.949) 


miR-134, miR-185, miR-22, and CEA 


0.268 


91.9 


92.5 


0.942 (0.864-0.982) 



CEA, carcinoembryonic antigen; AUC, area under the curve; CI, confidence interval. 
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0.092, 0.051, and 7.6 ng/mL, respectively. The diagnostic 
accuracy of miR-134, miR-185, and miR-22, as measured by 
the AUC, was 0.721, 0.882, and 0.832, respectively (Fig. 2A- 
C). The AUC for CEA was 0.898, with a sensitivity of 78.4% 
and a specificity of 97.5% (Fig. 2D). The predicted probability 
of being diagnosed with LA-MPE from the logit model based 
on the three miRNAs [logit=(-0.020xexpression level of 
miR-134)+(-1.103xexpression level of miR-185)+(-0.452x 
expression level of miR-22)] was used to construct a ROC 
curve. The AUC for the combined miRNAs was 0.893 (95% 
confidence interval [CI], 0.808 to 0.949), with a sensitivity of 
73.3% and a specificity of 97.6% (Fig. 2E). The predicted prob- 
ability of being diagnosed with LA-MPE from the logit 
model based on a combination of the three miRNAs plus 



CEA [logit=(-0.017xexpression level of miR-134)+(-1.148x 
expression level of miR-185)+(0.332xexpression level of miR- 
22)+(0.127xexpression level of CEA)] was also used to con- 
struct a ROC curve. The AUC for a combination of all four 
markers was 0.942 (95% CI, 0.864 to 0.982), with 
a sensitivity of 91.9% and a specificity of 92.5% (Fig. 2F). 



Discussion 

The present study demonstrated that LA-MPE samples 
showed significantly lower expression of miR-134, miR-185, 



miR-134 A miR-185 B miR-22 C 
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100-Specificity 100-Specificity 100-Specificity 



CEA D miR-134+miR-185-i-miR-22 E miR-134-i-miR-185+miR-22+CEA F 
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Fig. 2. Receiver operating characteristic (ROC) curve analysis. The ROC plots for miR-134 (A), miR-185 (B), miR-22 (C), 
carcinoembryonic antigen (CEA) (D), a combination of three miRNAs (E), and a combination of three miRNAs plus CEA (F) 
were used to differentiate limg adenocarcinoma-associated malignant pleural effusion from benign pleural effusion. AUC, 
area under the receiver operating characteristic curve; CI, confidence interval. 
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and miR-22 than BPE samples. This suggests that all three 
miRNAs may be useful diagnostic biomarkers for differen- 
tiating between BPE and LA-MPE. In addition, the diagnostic 
performance of the three combined miRNAs (AUC, 0.893) 
was comparable with that of CEA (AUC, 0.898). CEA is 
a useful diagnostic biomarker for patients with pleural 
effusion; however, CEA is found to confer good specificity 
but relatively poor sensitivity for the diagnosis of LA-MPE 
[6]. The combination panel comprising miR-134, miR-185, 
miR-22, and CEA improved the diagnostic value (AUC, 
0.942); in particular, the sensitivity increased to 91.9%. 

Research on the prevention and early diagnosis of cancer 
has focused on identifying biomarkers that can help to detect 
tumors using noninvasive diagnostic methods. Recently 
studies suggest that the profile of circulating miRNAs, 
as well as tissue miRNAs, could be used as a diagnostic 
biomarker for cancer [9,10]. miRNAs are found in all body 
fluids and show distinct compositions in different fluid types 
[10]. The stability of miRNAs in body fluids may be 
explained, at least in part, by the finding that they are present 
in extracellular vesicular structures, called exosomes, which 
protect them from degradation [10]. miRNA-containing 
exosomes are found not only in blood, but also in other types 
of body fluid. Circulating exosomes and tumor cells from 
patients with lung adenocarcinoma harbor similar miRNA 
signatures, and there appears to be a significant difference in 
exosomal miRNA levels between cancer patients and 
controls [16]. Therefore, it is possible that pleural fluid 
obtained from patients that are difficult to diagnose using 
clinical and radiological evaluation could also be assessed 
for the presence of these molecular biomarkers. Recently, 
Xie et al. [17] studied the expression levels of 22 miRNAs that 
were aberrantly expressed in the serum of lung cancer 
patients (82 patients with MPE and 28 patients with BPE). 
They reported that MPE showed higher expression levels of 
cell-free miR-24 and miR-30d than BPE. However, they 
included pleural effusion samples from heterogenous lung 
cancer patients and also examined ascites from gastric cancer 
patients. 

In a previous study, we examined the differential expres- 
sion of circulating miRNAs in BPE and LA-MPE samples 
using a peptide nucleic acid-based microarray [15]. 
The miRNA expression signatures were confirmed by 
RT-qPCR and cross- validated using an independent sample 
set. The results showed that the expression level of miR-198 
was significantly lower in LA-MPE than in BPE. For the pres- 
ent study, we selected only three miRNAs (miR-134, miR- 
185, and miR-22) that are deregulated in lung cancer and 
examined their expression in plural effusion samples 
obtained from patients with BPE and LA-MPE by RT-qPCR. 
We found that the expression of miR-134, miR-185, and 
miR-22, was lower in LA-MPE than in BPE. Downregulation 



of certain miRNAs in cancer suggests that these miRNAs 
may have tumor suppressor characteristics. These three miR- 
NAs are also reported to function as tumor suppressors in 
various cancers. The expression of miR-134 correlates with 
the invasive potential and EMT phenotype of NSCLC cells 
[11,12]. Functional assays showed that miR-134 inhibits EMT 
in NSCLC cells, and Forkhead box protein Ml (FOXMl), 
a potential metastasis promoter, was a direct and functional 
target of miR-134 [12]. Also, low expression of cell-free 
miR-134 in MPE is associated with poor survival in NSCLC 
patients [18]. miR-185 suppresses cell proliferation and 
induces Gl arrest in lung cancer cell lines [13]. The extent of 
the growth suppression induced by these miRNAs is similar 
to that induced by the tumor suppressor miRNA, let-7 [19]. 
However, miR-185 has a stronger effect on cell cycle progres- 
sion than let-7. In contrast to its tumor suppressor role, 
miR-185 plays an oncogenic role in both renal cell carcinoma 
and colorectal cancers [20,21]. The implied involvement of 
miR-22 in the p53 tumor suppressor network suggests that 
it is a strong candidate tumor suppressor gene in human 
colon and liver cancers [22,23]. Moreover, miR-22 restores 
the cellular senescence program in cancer cells and acts as 
a tumor suppressor [24]. It also shows anti-lung cancer 
activity both in vitro and in vivo, possibly via the post-tran- 
scriptional regulation of ErbB3 [14]. However, miR-22 is also 
oncogenic in transformed human bronchial epithelial cells 
induced by anti-benzo[a]pyrene-7,8-diol-9,10-epoxide [25]. 
These discordant findings suggest that miRNAs may target 
different genes in different cell types, thereby contributing 
to distinct biological processes. 

The present study has some limitations. First, patients with 
BPE as the control group were not matched with the 
LA-MPE patients with respect to age and gender, which may 
have affected the results. The second limitation of the study 
was that all of three miRNAs expression were downregu- 
lated in LA-MPE compared with BPE, and the cut-off points 
for miR-185 and miR-22 were very low. Therefore, the 
diagnostic performance of these miRNAs that have tumor 
suppressor characteristics could be worse than that of onco- 
genic miRNAs. 



Conclusion 

The present study showed that the circulating extracellular 
miR-134, miR-185, and miR-22 levels in pleural effusions can 
be used to differentiate between LA-MPE and BPE. Further- 
more, a panel comprising all three miRNAs showed a diag- 
nostic performance comparable with that of CEA. The 
combination of all three miRNAs plus CEA showed consid- 
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erable clinical value for diagnosing LA-MPE, with much 
better sensitivity than CEA alone. Thus, we propose that 
miR-134, miR-185, and miR-22 could be used to develop 
a minimally invasive screening tool for the diagnostic eval- 
uation of pleural effusions. 
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